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1 OBIIUE ITOJIOKEHUA

[IporpamMMa BCTYIUTENBHBIX HCHBITAHUN MPEIyCMAaTpUBAE€T OLEHKY YpPOBHS
3HaHUU OakajJaBpOB MO KOMILJIEKCY OCHOBHBIX IUCLMIUIMH, M3Y4aeMbIX B BYy3ax IIO
HanpasieHuto noarotoBku 22.04.01 "MarepuanoBeieHHE U TEXHOJOTUH MaTepuaioB" B
COOTBETCTBUM € 00pa30BaTEIbHO-NIPOPECCHOHANIBHON porpammoit "maructp"”

IIpy moAroTOBKE K BCTYNMTEJIBHBIM 3K3aMeHaM OakallaBpbl JOJIKHBI YSICHUTh U
3HaTh OCHOBHBIE MOJIOKEHUS cienyromux aucuumiud: "Kpucrammorpadus', "edexTs
KPHUCTAJUINYECKOTO CTpoeHus", "TexHoaoruu Marepuaios", "®uznka
KOHJEHCUpOBaHHOro  cocTostHUA", "MetaimoBenenue", "HoBble Marepuaibl H
texHonorun", "Teopusi Tepmuueckoir oOpabotku", "CrenuanbHble CTald U CIUIaBHI'",
"IloBepxHOCTHass 00paboTka, (GYHKIMOHAJIbHBIE TIOKPBITUS M BOCCTaHOBJICHHE',
"TexHonoruueckue OCHOBBI TepMUUYeckoit oopadoTku", "Kopposus u 3anmra MeTauioB",
"CTpyKTYpHBIM aHaini3 MatepuaioB', "®OuU3nyecKkue CBOMCTBA U METOJIbl MCCIICIOBAHUM

marepuanoB", "lIBeTHeie MeTauibl W cruiaBbl', '"'MexaHWYecKHE€ CBOWMCTBa U
KOHCTPYKTHUBHasg TNpOYHOCTh MarepuanioB", "JlmarHoctmka u  JaedeKTOCKOIHUS
marepuanioB", "IlopomikoBble # KOMHOO3UTHbIE MaTepuansl', "Hemeramnndeckue
MaTepuabl'”.

B wactHOCTH, HEOOXOUMO 3HATh OOIIYI0 XapaKTEPUCTUKY (Pa30BOTO COCTOSHUS
METAJIJIOB U CIUIaBOB, CTPYKTYpPHBIE U3BMEHEHHUSI B HUX, 3aKOHOMEPHOCTU TBEPO(a3HbIX
NpEeBpallleHuid TOpH HarpeBax M OXJAXACHUSAX, BUIbl TEPMHUYECKOM, XHMHKO-
TEPMUYECKON M TEPMOMEXAHMYECKOM OOpadOTKM M HX BIMSHHUE HA CTPYKTYpYy U
CBOICTBA MaTepuaioB, BUIbl HANPSHKEHUM M TEXHOJOTMYECKUE  HCHBITAHUA,
KJIacCU(PHUKALMI0O M HAa3HAYEHMs CTaled M CIUIaBOB C OCOOBIMHU CBOMCTBaMH, BIIMSIHHUE
JETUPOBAaHUs Ha CTPYKTYypHble M (ha30Bble H3MEHEHUS B MeTaulaX U CIUIaBax,
KJIaCCU(PHUKALIMIO KOPPO3UOHHBIX MPOLECCOB MO MEXaHU3MY, YCIOBHUSM IMPOTEKAHUS U
XapakTepy pa3pylIeHUs! CIIaBOB, BHYTPEHHUE U BHEUIHHE (DAKTOPBI KOPPO3UH, a TAKKE
METO/bl 3AIIUTHl MAaTEPUAIOB U W3JEIUMH U3 HUX OT BO3JACHCTBUS arpeCCUBHBIX Cpeq,
METO/Ibl KOHTPOJISI KaY€CTBAa MaTEPUAJIOB U U3/1€JINI U3 HUX.



2 COAEPXKAHME 3ATAHUM BCTYIIUTEJBHOT'O UCTIBITAHUA

2.1 KPUCTAJIVIOT'PADUSI.
JAE®PEKTbHBI KPUCTA/VIMYECKOI'O CTPOEHUA

Kpucraminueckoe COCTOSHHE BEIIECTBA: MAapaMETPbl U THUIIBI KPUCTAIIUYECKHUX
pELIEeTOK, WHAEKCAlUsl Y3JI0B, HAIPaBICHUM, IUIOCKOCTE. ToOdYedHbIE 3IIEMEHTHI
CUMMETPUM KPHUCTAIUIOB. DJIEMEHThl KpucTtamuioxumuu. Kriaccudukanuss MuHEpanos.
JledekTsl KpUCTAUTMUECKOTOo CTpoeHHS. Buaesl nedekToB (TOYeUHBIC, ITWUHEHHBIC
MMOBEPXHOCTHBIE) U UX BJIMSHUE HA CBOMCTBA METAJUIOB. BakaHcuM, TUCIOKAIIMK, aTOMBI
MIPUMECE, TpaHulLIbl 3€PEH, UX MTOBEJICHNE, TepeMelIeHue, TopMoxkenue [1,2,6].

2.2 PU3UKA KOHAEHCHUPOBAHHOI'O COCTOsIHUA

OO6mras xapaktepucTuka (Pa3oBOTO COCTOSHUS METAJJIOB U CIuiaBoB. [loHsiTHe
CIUIaBa, KOMIIOHEHTOB, (a3, CTpyKTyp. Tumbl TBepablx ¢da3. Jluarpammbl COCTOSHUS
MOHOMOpGHOTO M moiauMopdHOro MeramwioB. Jluarpammbl cocTosHUST 2-X U 3-X
KoMIioHeHTOB. Kpucrtamnmuzamus metawioB. CrTpoeHue cinutka. MoauduiupoBaHue.
@opma kpuctaimoB. Kpucraminzanus CHiaBoB: TBEPAbIX pPaCTBOPOB, XWMHYECKUX
COCIMHEHN; OBTEKTUYECKOE M TIEPUTEKTUYECKOEe mpeBpamieHue. Kommo3unuu.
CTpyKTypHBbIE W3MEHEHHS B TBEPJOM COCTOSIHUM - TOMOTEHHU3AlUsI, MOJIUTOHU3AIus,
pexpuctammzanus. Crnekanue. Da3oBble MpEeBpallleHHs B MeETaulaX M CIUIABAX -
HOPMAJIbHBIE, BHUIMAHINTETTOBHI, MAacCHBHBbIC, MapTeHCUTHbIe. J[marpamma Fe - C.
AHann3 QOpMHUPOBAHUSL CTPYKTYPhI KEIE30yTJIECPOAUCTHIX CIUIABOB TMPU HArpeBe M
oxJyaxaeHuu. JKene3zo, rpa@uT U IEMEHTUT, UX CoJepKaHue B ciuiaBax. CTajib U YyTyH.
Kpucramnuzanus crtaad M 4yryHa; HW3MEHEHUE CTPYKTYpPhl TMPU  OXJIAXKICHUHU.
Jubdysnonnoe Hackimenne xene3a. OCOOGHHOCTH CTpOEHHUS (THIIBI  CTPYKTYD)
TePMUYECKH 00paOOTaHHBIX CTaJIC U YyryHOB. BUJIbI UyTyHOB U WX KiaccudUKaIus u

mapkupoBka [3-5, 7, 27, 30].

2.3 TEOPUSA TEPMUYECKOMN OBPABOTKH.
TEXHOJIOTMYECKHUE OCHOBBI TEPMHUYECKOM OBPABOTKH

OOmye 3aKOHOMEPHOCTH TBEepAO(a3HbIX MPEBPALICHU B METaUlaX M CIUIaBax:
TEpPMOJIMHAMKKA, MEXaHM3M M KHHETHUKa MpeBpamicHui. [IpeBpaiieHus mnpu Harpese
CILUIAaBOB HWXKE T. Aj. AyCTCHUTH3AIMS: TEPMOJANHAMHIKA, MEXaHU3M 3apOKICHUS HOBOM
¢asbl. [lnarpamMmbl 00pa3oBaHMsI ayCTEHHWTA. 3€pHO AyCTCHUTA M BTOPUYHOE 3EPHO.
HacnencTBeHHOCT, B MeTaJlaX M CIutaBax. [lepauTHOe W OCHHUTHOE MPEBPAIICHUS:
TEPMOJMHAMKKA, MEXaHHU3M, KUHETUKA, JUArpaMMbl MTPEBPAIICHUS, UX THUIIbI, CBOWCTBA
NPOAYKTOB pachaja aycTeHWTa. MapTEeHCHTHOE TpEeBpalleHHe: TEPMOIMHAMUKA,
MEXaHU3M, CTPOCHHE MApTEHCHTA, KHHETUYECKHE THIThI MAapPTEHCUTHBIX IPEBPAICHH,
CTa0MIIM3aIusl ayCTeHUTa, CBOMCTBA MapTeHCHTa. [Ipolecchl mpu CTapeHHH U OTITyCKe
3aKaJICHHOM CTaJH U CIUIaBOB. 3aKOHOMEPHOCTH MPOIIECCOB MPU XUMUKO-TEPMHUYECKON U
TEPMOMEXaHUUECKO 00paboTKe.



Buner Ttepmuueckoid 00paboTku: oTxXUT 1-ro u 2-rO0 poja, 3akaika 0e3
noJIMMOPGHOTO TPEeBpallleHus U Ha MapTEHCUT, cTapeHue u otnyck, X1TO u TMO.
[TapameTpsl BUJIOB M pa3HOBUIAHOCTEH TEPMHUUECKOM 00pabOTKH, CTPYKTypa U CBOWMCTBA
CIUIABOB M M3JENUM U3 HUX. TEeXHOJIOTrHYeCKHMe OCHOBBI TEPMHUYECKON 00paboTKu -
Ha3HAUCHUE I1apaMeTpPoOB, Cpell HarpeBa M OXJAXKICHUS B 3aBUCUMOCTH OT BHJA
00paboTKH, CofepKaHMs yriepoaa U APyTux 3JeMeHTOB B ctanu [8-11, 28, 29, 33].

2.4 HEMETAJUVIMMECKUE MATEPHUAJIbBI

Knaccudukanus  HEMETAIUIMUSCKAX  MaTepHaioB.  [lIacTUYEeCKHME  MacChl:
TEPMOIUIACTUYHBIC, TEPMOPCAKTHBHBIC, Ta30HAIOJHCHHBIC. PE3WHOBBIC MaTepHaIbI
OO0IIero W CrenuaaIbHOro Ha3HaueHus. Kiten - ux kiaccugukanus: KOHCTPYKITMOHHBIC U
pe3uHOBBIC KiIed. JlakokpacodHble Marepuaibl. JlepeBsSHHBICE MaTepHallbl, HX
pa3sHOBHIHOCTH. Heopranmdecknue MaTepHalbl - CTCKI0, KepaMuka U ap. HasHaueHnue u
cTpoeHue, oopaboTka, cBoricTBa [1, 14, 16].

2.5 HIOPOHIKOBBIE 1 KOMITIO3UIIMOHHBIE MATEPHUAJIBI

OmnpeneneHre KOMIO3UIMOHHBIX MarepuasioB. Knaccudukanuss u  MeToqsl
IPOM3BOJICTBA KOMIIO3UIIMOHHBIX MaTepuaioB. [Ipouecchl 00pa3oBaHus MPOYHON CBSI3U
MEXIy KOMIIOHEHTaMu (aare3usi, AuPpQy3us, peKpucTaiiu3aius, MEXaHHUeCKas CBA3b).
BOJOKHUCTBIE KOMIIO3UIIMOHHBIE MaTepHUalibl ¢ METAUIMYECKOW M HEMETAJIMYECKOU
MaTpule (CTpykTypa, CBONCTBa, NpUMEHEHHE). JIUCIEepCHOHHO YIPOUYHEHHBIE U
MHOTOCJIOMHbIE  KOMIO3UIMOHHBbIE ~ MaTepuanbl. DU3WYECKHe  MPOLECChl  IpH
TBepaopazHOoM U KuAko(pa3sHOM crnekaHud. (OcoOeHHOCTH (Pa30BO-CTPYKTYPHBIX
IpEeBpallleHUii B MOPOIIKOBBIX Marepuanax. KOHCTpYKIHMOHHBIE, WHCTPYMEHTAJIbHBIE,
aHTU(QPUKLIHMOHHBIE,  (PUKIUOHHBIE, BBICOKO  TIOPUCTHIE,  BJEKTPOTEXHUUYECKUE
MOPOIIKOBBIE MaTepuaisl [ 14, 15].

2.6 HBETHBIE METAJIUIbI U CIIVIABBI

Knaccudukanuss 1BETHBIX METAJIOB U CIUIABOB. Melb M CIUIaBbl Ha €€ OCHOBE:
JaTyHU, OpOH3bl. AJIIOMHUHHMI U CIUIaBbl HA €r0 OCHOBE: JINTEHHBIC, AePOpMUpPYEMBIE.
Marnuii u crjaBbl Ha €ro OCHOBE: AeopMUpyeMbIe, TuTelHbIe. TUTaH U CIIJIaBbI HA €ro
ocHOBe: JedopMupyemble, TUTeiHbIe. JIerkonIaBkiue MEeTaljIbl U CIUIaBbl HA UX OCHOBE:
MOAIIMITHUKOBBIC, IIMHKOBBIE, TpuMon. Tyromiaskue metamisl (W, Mo, Ti, V, Nb, Zr) u
CIUIaBbl HA UX OCHOBE. bepuinii u criaBel Ha ero ocHoBe. biaropoansie Metamisl (Au,
Ag, Pt). Texnonorust repMuyueckoii 00pabOTKU IIBETHBIX METAJIJIOB U CIJIABOB, CTPYKTYpa
U UX cBO¥cTBa. [13, 16, 25].

2.7 CHEIIMAJIBHBIE CTAJIN U CIIJIABBI

Knaccudukanus crnennanbHbix craned U (a3 B HUX. BiusHue jgerupoBaHus Ha
¢da30BbIC U CTPYKTYPHBIC MIPEBPAIICHHS MPU HATPEBE M OXJIAKICHUU: ayCTCHUTH3AIUIO,
NepJIUTHOE, OCWHUTHOE W MAPTEHCUTHOE TMpeBpalmieHne. KOHCTPYKIIMOHHBIC CTaJIH:
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CTPOUTEIIbHBIE, MAILIMHOCTPOUTEIIbHBIE, YIYUIIAEMbIE U ISl LIEMEHTAlMH, IITAMIIOBBIE,
MOAIINITHUKOBBIE, TMPYKUHHbIE, HM3HOCOCTOMKHE, KPUOTEHHBIE, BBICOKOIIPOYHBIE,
MapTEeHCUTHO-CTaperIue, aucrnepcuonHo-teepaetomue, IIHIT (TRIP) - cramm.
NHcTpyMeHTANIbHBIE CTAJIX: U1 U3MEPUTEIBHOTO HHCTPYMEHTA, OBICTPOpEXYIIHE,
HITaMIOBBIE, BaJIKOBbIE. CTallu U CIUIaBbl ¢ 0COOBIMU CBOMCTBAMU: KOPPO3UOHHOCTOMKHE
dbeppuTHbIlE,  MapTEHCUTHbIE,  ayCTeHUTHble.  JKapompouHble,  TEIJIOCTOMKHUE,
KApPOCTOMKME CTAJIM U CIUIaBbl. Mapku, TepMuyeckas o0paboTka, CTPYKTypa, CBOWCTBA
aTuX Tpynn craneit. Krmaccudukanus B 3aBUCHMOCTH OT CBOWCTB (TETUIOCTOMKOCT,
MPOKAJIMBAEMOCTh, TBEPAOCTh, BA3KOCTh U JIp.) [12, 15, 31].

2.8 HOBEPXHOCTHAS OBPABOTKA, ®YHKIIMOHAJIBHBIE
HOKPBITHUSA U BOCCTAHOBJIEHUE

OcobOenHoctu (Ha30BBIX W CTPYKTYPHBIX MPEBpAIICHUN TMpU TMOBEPXHOCTHOM
YOPOUYHEHUU U JIETUPOBAHMH. METO/Ibl TOBEPXHOCTHOTO YIPOYHEHUS TEIUIOBBIM
BO3JIEHCTBUEM 0€3 M3MEHEHMs] XUMHUYECKOTO COCTaBa: TMIPU I[I€YHOM HArpeBe,
ra3oljlaMeHHOM HarpeBe, KOHTAaKTHOM JJIEKTPOHAarpeBe, B JJIEKTPOJIUTE, IpHU
WHIYKIIMIOHHOM HAarpeBe, HarpeBe C MCIOJIb30BAHUEM BBICOKOKOHIIEHTPUPOBAHHBIX
MCTOYHUKOB DJHEPTUM - JIA3€PHOTO, IUJIA3MEHHOTO, 3JEKTPOHHOIYYEBOro. MeTroasl
MMOBEPXHOCTHOTO YIIPOYHEHUS TEIJIOBBIM U XUMUYECKUM BO3JEHCTBUEM. TpagullnOHHbIE
1 HOBbIE MeTO/Ibl XTO. MeToabl MOBEPXHOCTHOIO JIETUPOBAHHUS TIPU SIIEKTPOUCKPOBOM
paspsijic 1 MOHHOM UMILIaHTalU. MeTo/1bl MOBEPXHOCTHOIO YIIPOYHEHUS IJIACTUUECKUM
nepopmupoBanrem (IIIIMI). YmpouHneHue C MOMOUIBIO SHEPrUU B3pbIBA. MeTObI
MOBEPXHOCTHOTO YIIPOUHEHUSI U BOCCTAHOBJICHUS MOKPBITUSIMU U OCAKJICHUEM METAILJIOB
M CIUIaBOB. MeToabl BOCCTAaHOBJICHMSI JETal€d M HMHCTPYMEHTA M HUX YINPOYHECHUE
HAIUIaBKOM; pa3MepHOE TepMUYECKOE BoccTaHoBeHue [9, 10, 17, 18].

2.9 KOPPO3UA N BALLIUTA MATEPUAJIOB

Knaccudukanus KOppo3MOHHBIX MPOLIECCOB: IO MEXaHU3MY IPOLIECCa, YCIOBUSIM
IIPOTEKAHUSI W XapakTepy paspylieHus. XuMudeckas kopposus. ['azoBasg u ropsiyas
Koppo3us. [IpoJyKThl Ta30BOW KOPPO3UHU. Y CJIOBHE CIUIOMIHOCTA OKCHIHBIX IIJICHOK
[Tmiummara m benoprca. TepMoanHaMKKa, MEXaHU3M M KMHETHMKA Ta30BOM KOPPO3UHU.
[lokazarenmu KOppO3WM. 3alMTa METAJUIOB M CILNIABOB OT ra30BOM Koppo3uu. Teopuu
XKapOCTOMKOro JerupoBanus. KapocToMKoCTh U xkaponpoyHocTh Tepmoauddy3rnonnoe
HACBIILIEHUE, METAJUIMYECKHEe M HEMETAJUIMYECKUE TOKPBITUS, 3alllUTHBIE aTMochepsl.
XuMu4eckass KOppo3us B KHAKUX Cpelax. DJIEKTPOXUMUYECKass KOPPO3Us METAJIOB U
CIUIaBOB. DJIEKTPOJHBIE MOTEHIMAIbl. AHOIHBIE U KaTOAHbIE Ipoluecchl. Koppo3noHHbie
MPOLIECCHI € KHUCIOPOJHOW M BOJOPOJHOW aAenosisipusauuen. IlaccuBatopsl U
JlernacuBaTopbl. BaxkHenmme BUABI SJIEKTPOXUMHUUYECKOW KOPPO3WMU U 3alUATA OT HHUX -
aTMoc(epHasi, TOJ3eMHasi, MOpCKas, B JKUJIKUX pacIulaBax, IIeJjeBas, TOYeUHas,
MEXKPUCTAJUTUTHAS, METOJIBI 3AIUTHI - JIETUPOBAHUEM, TTOKPBITUAMH, 00paOOTKOM cpen
u ap. Koppo3us MuUHEpanbHBIX M OPraHMYECKHMX MAaTEPHUAJIOB U €€ OCOOEHHOCTH.
MeTonbl KOppO3UOHHBIX UccaeaoBanuii [19, 20, 26, 29].



2.10 CTPYKTYPHBIN AHAJIN3 MATEPHUAJIOB

MaxkpocTpyKTypHBII aHaiau3, 00pasubl Uil Hero. MUKpOCTPYKTYpHBIN aHaIu3 U
IPUHLIUAIIBI CBETOBOM MHUKPOCKOIIMHU; METOJbl MHKPOCKOIUYECKOIO HCCIEI0BaHUS;
ONpENENICHUE pPa3MEepPOB  MHUKpPOYACTUL, CTPYKTYpPHbIE COCTaBJSAIOUIME U Jp.
JppaKkMOHHbIE METOABI UCCIIEIOBAHUS CTPYKTYphl. PU3HKa PEHTI€HOBCKUX Jy4el, NX
IIPUPOJIa, OCHOBHBIE CBOMCTBA M IIOJy4YEHHE. Perumcrpanus W3IydeHMs, CIEKTpPbI
U3ITy4eHHUsl. SIBIIEHHS KJIACCUYECKOTO U KBAHTOBOI'O PACCESHMSI, BTOPUYHOE U3IIyYECHHE.
OcHoBHBIE 3aKOHOMEpHOCTH audpakiun: Gopmyrna Bynsda-bperros. Xapakrepuctika
OCHOBHBIX METOJIOB PEHTT€HOCTPYKTYPHOI0 aHanusza [2, 21].

2.11 ®PUBNYECKUE CBOUCTBA U METO/Ibl UCCJIEJJOBAHUSA
MATEPHAJIOB

O6bemHbIC u CTPYKTYPHO-UYBCTBUTEIbHBIE CBONCTBA MaTepUaJIoB.
DIEKTPUYECKHUE CBOMCTBA: 3JIEKTPOIPOBOJHOCTD - BO3ACHCTBHE HA HEE TEMIEPATYPhI U
JABJICHUS, BHUAA TEPMOOOPAOOTKH. ODJIEKTPOCONPOTUBICHUE TBEPJIBIX PACTBOPOB,
XUMUYECKUX COCIMHEHUM M TMPOMEKYTOUHBIX (ha3. SIBIeHHE CBEPXIPOBOJUMOCTH.
KoHTakTHast pa3HOCTh NOTEHUUANIOB. TEpMOIIEKTPUYECKHE CBOMCTBA. MarHuTHbIE
CBOMCTBA - HAMAarHUYEHHOCTb HACBIIIECHUS, OCTaTOUHAasi MHAYKIUsA. KospiuuTuBHas cuia.
[InoTHOCTH U ee u3mepenue. JInneltHoe 1 00beMHOE paciupenue [22].

2.12 MEXAHUYECKHUE CBOMCTBA U KOHCTPYKIIMOHHASA
HPOYHOCTDHb MATEPHAJIOB

Buapbl HanpsokeHuid. [{luarpaMMebl pacTskeHus, X aHanus. 3akoH ['yka. UctruHHbIE
nuarpaMmbl fedopmaruu mpu pactsbkeHud. Heynpyrue sinenusi. BHyTpenHnee TpeHue.
BrnusHue BHYTpeHHUX M BHEIMIHUX (DAaKTOPOB HA IJIACTHYECKYIO Aedopmainio Bumsl
paspymienui. M3nomel. Mexanndeckue cBorctBa. McnbiTaHus Ha pacTskeHue. Metoibl
n3Mepenus teepaoctu no Poksemny, bpunenno, Bukkepcy, [Toaban. MukpoTBepaoCTs.
JAvHaMu4ecKue MCIBITaHUs. Y CTalOCTh METAJIOB. TE€XHOJIOTHYECKUE HCHBITaHUS |3,

23].
2.13 IMATHOCTHUKA U JE®EKTOCKOINUS MATEPAAJIOB

Texnuueckass nuarHoctuka. JlepexTel u ux knaccuukanus: JUThs, CBapKH,
TepMOOOpadOTKH, 00paboTKu AaBiieHueM u Jp. Knaccudukaius METOJ0B U CPEACTB
Ne(PEeKTOCKOMMYECKOTO0  KOHTPOJISl ~ KauyecTBa -  MarHUTHBIA,  DJICKTPUYECKHM,
AKyCTUYECKUW, PEHTT€HOBCKUW, KallWJUSIPHBIN U JIp. BusyanbHO-ONTHYECKHE METOBI U
CpelcTBa Hepazpyaronero KoHTpossi. CpeacTBa u mpuOOpbl, TEXHOJIOTHUS U3MEPEHUN U
TeXHUYECKON AuarHocTuku. OCHOBHBIC MPUHIIMITBI BHIOOpAa METOJOB HEpa3pyIIAIOIIETO
KOHTPOJISI U KOMILUIEKCHBIE CUCTEMbI KOHTPOJISI KauecTBa NpoayKuuu. CtangapTu3anus u
MeTpoJioruueckoe obecrieuenue [24, 32].
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